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7RZDUGV $GDSWLYH )XWXUH &LWLHV
3(7(5 %8â /8.$6 75(<(5 DQG *(5+$5' 6&+0,77
&KDLU RI ,QIRUPDWLRQ $UFKLWHFWXUH 6ZLVV )HGHUDO ,QVWLWXWH RI
7HFKQRORJ\ (7+ =ULFK 6ZLW]HUODQG
^EXV_WUH\HU_VFKPLWW`#DUFKHWK]FK
&KDLU RI ,QIRUPDWLRQ $UFKLWHFWXUH 6ZLVV )HGHUDO ,QVWLWXWH RI
7HFKQRORJ\ (7+ =ULFK 6ZLW]HUODQG )XWXUH &LWLHV /DERUDWRU\
6LQJDSRUH(7+ &HQWUH 6LQJDSRUH
^EXV_WUH\HU_VFKPLWW`#DUFKHWK]FK
$EVWUDFW $ FLW\ GHILQHG DV D XQLW\ RI LQKDELWDQWV ZLWK WKHLU HQYLURQ
PHQW DQG VKRZLQJ VHOIFUHDWLQJ DQG VHOIPDLQWDLQLQJ SURSHUWLHV FDQ EH
FRQVLGHUHG DV DQ DXWRSRLHWLF V\VWHP LI ZH WDNH LQWR DFFRXQW LWV ERWWRP
XS SURFHVVHV ZLWK XQSUHGLFWDEOH EHKDYLRXU RI LWV FRPSRQHQWV 6XFK D
SURSHUW\ FDQ OHDG WR VHOIFUHDWLRQ RI XUEDQ SDWWHUQV 7KHVH SURFHVVHV
DUH VWXGLHG LQ ZHOONQRZQ YHUQDFXODU DUFKLWHFWXUHV DQG LQIRUPDO VHWWOH
PHQWV DURXQG WKH ZRUOG DQG WKH\ DUH DEOH WR DGDSW DFFRUGLQJ WR YDULRXV
FRQGLWLRQV DQG IRUFHV 7KH PDLQ UHVHDUFK REMHFWLYH LV WR HVWDEOLVK D FRP
SXWDWLRQDO GHVLJQPRGHOOLQJ IUDPHZRUN IRU PRGHOOLQJ DXWRSRLHWLF LQWUL
FDWH FKDUDFWHULVWLFV RI D FLW\ EDVHG RQ DQ DGDSWDELOLW\ VHOIPDLQWHQDQFH
DQG VHOIJHQHUDWLRQ RI XUEDQ SDWWHUQV ZLWK DGHTXDWH YLVXDO UHSUHVHQWD
WLRQ7KH SDSHU LQWURGXFHV D PRGHOOLQJ PHWKRGRORJ\ WKDW DOORZV WR FRP
ELQH SODQQLQJ WDVNV ZLWK LQKDELWDQWV¶ LQWHUDFWLRQ DQG GDWD VRXUFHV E\ XV
LQJ DQ LQWHUFKDQJH IUDPHZRUN WR PRGHO PRUH FRPSOH[ XUEDQ G\QDPLFV
7KH UHVHDUFK \LHOGV SUHOLPLQDU\ UHVXOWV WHVWHG LQ D VLPXODWLRQ PRGHO RI
D UHGHYHORSPHQW RI 7DQMRQJ 3DJDU :DWHUIURQW WKH FRQWDLQHU WHUPLQDO
LQ WKH FLW\ RI 6LQJDSRUH EHLQJ WUDQVIRUPHG LQWR D QHZ IXWXUH FHQWUH DV D
FRQGXFWHG FDVH VWXG\
.H\ZRUGV 8UEDQ 0HWDEROLVP 8UEDQ $XWRSRLHVLV &RPSXWDWLRQDO
,QWHUFKDQJH (PHUJHQW 8UEDQ 6WUDWHJLHV $GDSWLYH &LW\
 ,QWURGXFWLRQ
7KH UHVHDUFK H[SORUHV DVSHFWV RI VHOIPDLQWHQDQFH DGDSWDELOLW\ DQG VHOIFUHDWLRQ
RI XUEDQ SDWWHUQV WUDQVIRUPHG LQWR D GRPDLQ RI LQWHUDFWLQJ XUEDQ FRPPXQLW\ RI
LQKDELWDQWV UHSUHVHQWHG E\ XUEDQ DJHQWV WRJHWKHU ZLWK LWV SK\VLFDO XUEDQ VWUXFWXUH
3 -DQVVHQ 3 /RK $ 5DRQLF 0 $ 6FKQDEHO HGV 3URWRFROV )ORZV DQG *OLWFKHV 3URFHHGLQJV RI WKH
QG ,QWHUQDWLRQDO &RQIHUHQFH RI WKH $VVRFLDWLRQ IRU &RPSXWHU$LGHG $UFKLWHFWXUDO 'HVLJQ 5HVHDUFK LQ $VLD
&$$'5,$     7KH $VVRFLDWLRQ IRU &RPSXWHU$LGHG $UFKLWHFWXUDO 'HVLJQ 5HVHDUFK
LQ $VLD &$$'5,$ +RQJ .RQJ
 3 %8â / 75(<(5 $1' * 6&+0,77
 %$&.*5281' $1' 5(6($5&+ 48(67,216
,Q WKLV SDUWLFXODU UHVHDUFK VWXG\ WKH FRQFHSW RI DXWRSRLHVLV FRYHUV WKH ZD\ KRZ
WKH XUEDQ VWUXFWXUH LV FUHDWHG WUDQVIRUPHG GLVWULEXWHG RU UHGLVWULEXWHG DVVHPEOHG
RUJDQLVHG UHFRQILJXUHG DQG SURFHHGHG 7KLV LPSOHPHQWDWLRQ RI WKH DXWRSRLHVLV
SDUDGLJP LQWR XUEDQ V\VWHPV DLPV WR JUDVSPRUH FRPSOH[ FKDUDFWHULVWLFV RI WKH FLW\
ZLWKLQ WKH FRQWHPSRUDU\ XUEDQ GHVLJQ GLVFRXUVH LQ SDUWLFXODU WHQGHQFLHV RI SDW
WHUQV WR JURZ RU GHFD\ DFFRUGLQJ WR LQKDELWDQWV¶ UHTXLUHPHQWV GLVWULEXWLRQ IORZV
RI HQHUJ\ FRVWV JRRGV VHUYLFHV RU FLW\ QHWZRUNV FRQQHFWLYLW\ YLUWXDO SK\VLFDO
RU VRFLDO UHODWHG WR DQ HQWLUH XUEDQ PHWDEROLVP
,Q D ORQJ WHUP SHUVSHFWLYH WKLV LQYHVWLJDWLRQ WULHV WR LGHQWLI\ DQG GLVFXVV LQ
WHUQDO G\QDPLFV LQ D VHOHFWHG SDUW RI WKH FLW\ RI 6LQJDSRUH WKDW FDQ KHOS H[SHUWV
WR EHWWHU SRVLWLRQ WKHLU GHFLVLRQV ,Q VR GRLQJ VHYHUDO UHVHDUFK TXHVWLRQV QHHG WR
EH DGGUHVVHG :KLFK NLQG RI XUEDQ IRUPV DQG V\VWHPV DUH PRUH FRQYHQLHQW LQ
WHUPV RI UDSLG FKDQJHV VRFLDO EHKDYLRXUDO VSDWLDO LQ RXU FRQWHPSRUDU\ FLWLHV"
:KLFK XUEDQ WHFWRQLFV DQG PRUSKRORJLHV DUH DEOH WR HIILFLHQWO\ UHDFW WR YDULRXV
IRUFHV LQ FLWLHV VXFK DV SRSXODWLRQ JURZWK" :KDW NLQG RI XUEDQ DFWLYLWLHV DUH DEOH
WR PDLQWDLQ WKHPVHOYHV DFFRUGLQJ WR ORFDO DQG H[WHUQDO LQWHUDFWLRQV DQG UHOD\ RI
LQIRUPDWLRQ" ,V WKHUH D FRQYHQLHQW ZD\ RI YLVXDO XQGHUVWDQGLQJ RI XQSUHGLFWDEOH
SURFHVVHV DQG XQH[SHFWHG IHDWXUHV RI RXU IXWXUH FLWLHV WKDW FDQ LQIRUP H[SHUWV"
$OWKRXJK WKH UHVHDUFK TXHVWLRQV UHODWH WR EURDGHU DVSHFWV RI XUEDQ HQYLURQ
PHQWV WKH QRWLRQ RI WKH DXWRSRLHVLV SUHVHQWHG KHUH LV IRFXVHG RQ VLJQLILFDQW SURSHU
WLHV RI DQ XUEDQ V\VWHP ZKLFK DFWXDWH WKH XUEDQ SDWWHUQV WR JURZ DQG VXEVHTXHQWO\
OHDG WR QHZ FRQGLWLRQV RI XUEDQ FRQILJXUDWLRQV WKDW XUEDQ JURZWK UHIHUV WR ,Q
SDUWLFXODU LW FRYHUV LQWHUQDO VSDWLDO UHODWLRQV EHWZHHQ SDUWLFXODU LQWHUDFWLQJ XUEDQ
XQLWV DJHQWV LQ UHODWLRQV ZLWK DQ XUEDQ PDVV WKDW PDNH WKH V\VWHP FRQVWDQWO\ VHOI
UHIHUHQFLQJ 0DWXUDPD	9DUHOD  DQG LQ D VWDWH RI G\QDPLF VHOIFUHDWLRQ 7KH
XUEDQ HQYLURQPHQW LQYHVWLJDWHG LQ WKLV UHVHDUFK VWXG\ LV UHGXFHG LQ LWV FRPSOH[LW\
ZLWK UHVSHFW WR LWV VSDWLDO DVSHFWV /XKPDQQ  
 352%/(0 67$7(0(17
)ROORZLQJ WKHVH IHDWXUHV RI DXWRSRLHVLV PHQWLRQHG DERYH XUEDQ GHVLJQHUV VWLOO IDF
LQJ WKH SUREOHP KRZ WR PRGHO DQG VLPXODWH YDULRXV FRPSOH[ FKDUDFWHULVWLFV RI XU
EDQ HQYLURQPHQWV LQ RQH UREXVW DQG FRPSUHKHQVLYH VLPXODWLRQ DQG DW WKH VDPH
WLPH 0RUHRYHU WKHVH FKDUDFWHULVWLFV DQG G\QDPLFV DUH GHSHQGHQW RQ WKHPVHOYHV
DQG WKH\ DUH FUHDWLQJ QHYHU HQGLQJ LQWULFDWH SURFHVVHV RI FRQWLQXRXV WUDQVIRUPD
WLRQ ZKLFK PDNHV D FLW\ HQYLURQPHQW DOZD\V LQ D VWDWH RI IOX[ JURZLQJ DQG GH
FD\LQJ 9HUHEHV 
2WKHU DVSHFW RI WKH SUREOHP RXWOLQHG KHUH LV WKH GHVLJQHU¶V LQWHQWLRQ DQG KLV
FRQWULEXWLRQ WR DQ XUEDQ OD\RXW JHQHUDWLRQ 7R VLPSOLI\ WKH HQWLUH GHVLJQ SURFHVV
LW LV QHFHVVDU\ WR SURFHHG KLV RU KHU GHVLJQ LQWHUYHQWLRQ LQWR WKH PRGHOOLQJ IUDPH
ZRUN DV LQWHUDFWLYHO\ DV SRVVLEOH DQG PLQLPL]H WKH FRPSXWDWLRQDO SURFHVV ZLWKLQ
DQ HQWLUH V\VWHP 0RUH VSHFLILFDOO\ WKH GHVLJQHU ZRXOG EH DEOH WR PDQLSXODWH ZLWK
WKH V\VWHP LQ DQ LQWXLWLYH ZD\
85%$1 $87232,(6,6 
 5(6($5&+ 2%-(&7,9(6
7KH SDSHU DLPV WR HVWDEOLVK D PRGHOOLQJ ZRUNIORZ ZKLFK UHIOHFWV WKH DERYH PHQ
WLRQHG IDFWV DQG ZRXOG DOORZ XUEDQ GHVLJQHUV DQG H[SHUWV WR GHDO ZLWK YDULRXV
VRXUFHV RI GDWD HJ H[WHUQDO ELJ GDWD VHWV XVHU LQWHUDFWLRQ LQSXWV IURP D GLIIHU
HQW DSSOLFDWLRQ LQ RUGHU WR REWDLQ RQH UREXVW PRGHOOLQJ HQYLURQPHQW LQFRUSRUDWLQJ
PRUH FRPSOH[ XUEDQ SKHQRPHQD DQG G\QDPLFV 7KXV WKH PDLQ UHVHDUFK REMHFWLYH
LQ WKLV SDUWLFXODU UHVHDUFK VWXG\ LV WR SURYLGH D IUDPHZRUN D VLPXODWLRQ SODWIRUP
IRU DUFKLWHFWV DQG XUEDQ GHVLJQHUV ZKLFK ZLOO FRPELQH GHVLJQHU¶V WRSGRZQ GHVLJQ
UHTXLUHPHQWV DQG ERWWRPXS LQKDELWDQWV¶ FRPPXQLW\ GHPDQGV DQG WKHLU LQWHUDF
WLRQV LQWR RQH V\VWHP DV D PRGHOOLQJ DSSOLFDWLRQ ZLWK DQ LQWHUDFWLYH YLVXDOLVDWLRQ
 6&23( 2) 7+( 3$3(5
7KH SDSHU LQWURGXFHV D PRGHOOLQJ PHWKRGRORJ\ DSSURDFK EDVHG RQ D FRQQHFWLRQ
RI WZR GLIIHUHQW DSSOLFDWLRQV IRU XUEDQ GHVLJQHUV LQWHUDFWLQJ EHWZHHQ WKHPVHOYHV
5KLQR*UDVVKRSSHU DQG -DYD3URFHVVLQJ DJHQWEDVHG PRGHO DQG FRPELQHG ZLWK
WKH XVHU¶V LQSXW DQG LQWHUDFWLRQ LQ D UHDOWLPH SURFHVV 7R WHVW WKH SHUIRUPDQFH
DQG LQWHUDFWLYLW\ IHDWXUHV RI PRGHOOLQJ PRUH FRPSOH[ XUEDQ GHVLJQ VFHQDULR ZH
SURSRVH D FXVWRPRULHQWHG FRPSXWDWLRQ LQWHUFKDQJH IUDPHZRUN QDPHO\ WKH /8&,
7UH\HU D ,Q SDUWLFXODU WKH 7DQMRQJ 3DJDU:DWHUIURQW LQ 6LQJDSRUH KDV EHHQ
VHOHFWHG DV D WHVW VLWH IRU WKH H[SHULPHQW 7KHPRGHOOLQJ DSSURDFK LQYROYHV VHOHFWHG
ERWWRPXS VSDWLDO GHPDQGV VXFK DV DFFHVVLELOLW\ GLVWDQFHV GHILQHG E\ WKH XVHU LQ
WKH JUDSKLFDO LQWHUIDFH VSDFLQJ GLVWDQFHV EHWZHHQ XUEDQ HOHPHQWV DQG HTXDEOH
VSUHDG RI XUEDQ IXQFWLRQV LQ RUGHU WR REWDLQ PL[HGXVHG XUEDQ HQYLURQPHQW
$V D UHVXOWLQJ RXWFRPH RI WKLV UHVHDUFK WKH VWXG\ SURYLGHV VHYHUDO VSDWLDO VFH
QDULRV ZLWK YDULDQWV IRU XUEDQ GHVLJQHUV¶ FRQVLGHUDWLRQ 7KHVH DUH LQWURGXFHG DQG
H[SODLQHG LQ VHFWLRQ  7KH SDSHU GRHV QRW SURYLGH ILQDO GHVLJQV DQG RYHUDOO PRG
HOOLQJ RI DOO PHWDEROLF XUEDQ OD\HUV VXFK DV LWV PRELOLW\ WUDQVIRUPDWLRQ FDSDFLW\
HQHUJ\ DQG ZDVWH IORZV KRZHYHU LW RXWOLQHV D EDVH IRU D PRGHOOLQJ IUDPHZRUN
ZKHUH WKHVH DVSHFWV FDQ EH LQFRUSRUDWHG ODWHU RQ IURP RWKHU DSSOLFDWLRQV YLD WKH
LQWHUFKDQJH SODWIRUP /8&,
 6WDWHRIWKHDUW 5HYLHZ
$V&KULVWLQH %R\HU VWDWHV  D FLW\ DQ DXWRQRPRXV HQWLW\ H[SUHVVHG LQ D OLYLQJ
PHWDEROLVP LV DGDSWDEOH WR PDQ\ IRUFHV DQG G\QDPLFV 7KH SKHQRPHQD RI DQ
HPHUJHQFH LQ WKH IUDPHZRUN RI FLWLHV DV FRPSOH[ V\VWHPV DUH NQRZQ IURP WKHRULHV
DV IURP0LFKDHO %DWW\¶V ZRUN  PRGHOOHG E\ PHDQV RI FHOOXODU DXWRPDWD DQG
DJHQWEDVHG PRGHOV RU FRQFHSWV RI FLWLHV DV PHWDEROLF QHWZRUNV HJ WKHRU\ RI
³1HW]VWDGW´ %DFFLQL  $FFRUGLQJ WR 9DUHOD  WKH DXWRSRLHWLF V\VWHP
LV VWUXFWXUDOO\ OLQNHG WR LWV HQYLURQPHQW DGDSWV DFFRUGLQJ WR LWV ORFDO RU H[WHUQDO
FRQGLWLRQV DQG PDLQWDLQV LWV LQWHUQDO RUJDQLVDWLRQ ZLWKLQ WKLV HQYLURQPHQW ,W LV D
FRPSOH[ RUJDQLVDWLRQ LQ ZKLFK LQIRUPDWLRQ WUDQVPLWWDO UHFHSWLRQ DQG LQWHUUXSWLRQ
SURFHHG UHFXUVLYHO\ WKURXJK FRQWLQXDO IHHGEDFN DQG IHHG IRUZDUG DFURVV PXOWLSOH
OHYHOV ZLWKLQ WKH V\VWHP %R\HU 
$FFRUGLQJ WR 6S\URSRXORV  LW LV QHFHVVDU\ WR XQGHUVWDQG WRGD\¶V FRQ
WHPSRUDU\ FRQWH[W ZKHUH DUFKLWHFWXUH PXVW EH HQJDJHG ZLWK WKH LQIRUPDWLRQULFK
 3 %8â / 75(<(5 $1' * 6&+0,77
HQYLURQPHQWV DQG FRQWLQXRXVO\ FKDQJLQJ GHPDQGV IRU DGDSWLYH PRGHOV IRU OLY
LQJ +LV DSSURDFK DV KH FODLPV H[SORUHV SRVVLELOLWLHV ZKHUH WKH LQWHUSOD\ RI OR
FDO DJHQF\ DQG HQYLURQPHQWDO VWLPXOXV FRQVWUXFWV FROOHFWLYH RUGHU>@ JRYHUQHG
WKURXJK HPHUJLQJ FROOHFWLYH LQWHUDFWLRQ
7R PRGHO VXFK FRPSOH[ SKHQRPHQD RI D FLW\ LW LV QHFHVVDU\ WR WDNH LQWR DF
FRXQW PXWXDO GHSHQGHQFLHV RI SDUWLFXODU XUEDQ DVSHFWV WRJHWKHU ZLWK XUEDQ GH
VLJQHU¶V LQWHQWLRQ ZKLFK FRPPXQLFDWH EHWZHHQ HDFK RWKHU DQG H[FKDQJH LQIRU
PDWLRQ 7KH FRQYHQWLRQDO PRGHOOLQJ DSSOLFDWLRQV GR QRW SURYLGH FRPPXQLFDWLRQ
IXQFWLRQDOLWLHV UHODWHG WR PXOWLOD\HUHG LQWHUZRYHQ SURFHVVHV GHSHQGHQW RI WKHP
VHOYHV 7KH DGYDQWDJH RI RXU SURSRVHG FRPPXQLFDWLRQ LQWHUFKDQJH SODWIRUP DSDUW
IURP RWKHU FRPPXQLFDWLRQ SODWIRUPV HJ J+RZO FRPSRQHQWV )UDJXDGD 
RU )XQFWLRQDO 0RFNXS ,QWHUIDFH )0, -XQJKDQQV  LV WKDW LW LV FDSDEOH WR
LQFRUSRUDWH YDULRXV XUEDQ GDWD VRXUFHV RU FRQQHFWLRQV ZLWK RWKHU LQWHUIDFHV RU DS
SOLFDWLRQV GHYHORSHG LQ GLIIHUHQW SURJUDPPLQJ ODQJXDJHV RU PRGHOV LQ GLIIHUHQW
VFDOHV DQG GLIIHUHQW SODWIRUPV LQ RQH PRUH UREXVW V\VWHP 7KH ZRUNIORZ LV QRW
WLPHFRQVXPLQJ DQG QRW GHPDQGLQJ D KLJKHU FRPSXWDWLRQDO SRZHU RIIHULQJ DQ
RSHQ VRXUFH HQYLURQPHQW IRU RWKHU FRQWULEXWLQJ GHYHORSHUV 7UH\HU E
7KH VLPXODWLRQ RI XUEDQ JURZWK ZLWK DJHQWV LV GRQH DOVR LQ SRSXODU JDPHV
OLNH 6LP &LW\ :ULJKW  >@ RU UXOHVHWEDVHG XUEDQ JURZWK SODWIRUP &LW\
(QJLQH (VUL  $OWKRXJK WKH JDPH 6LP &LW\ LV QRW UHODWHG WR DQ\ XUEDQ GHVLJQ
WDVNV LW FDQ VHUYH DV D YDOXDEOH LQIRUPDWLRQ VRXUFH KRZ WKH XUEDQ JURZWK UXOHV
DUH LQFRUSRUDWHG ZLWKLQ WKH HQWLUH V\VWHP 7KHUHIRUH DQ XUEDQ GHVLJQ PRGHOOLQJ
SURFHVV ZLWK WKH JDPHOLNH JUDSKLFDO XVHU LQWHUIDFH FDQ EH DV VLPLODU DV SOD\LQJ D
JDPH LQ DQ LQWXLWLYH ZD\
 0HWKRGRORJ\
7KH SURSRVHG /LJKWZHLJKW 8UEDQ &RPSXWDWLRQDO ,QWHUFKDQJH V\VWHP /8&, .OHLQ
	 7UH\HU  VHUYHV DV D FRPPXQLFDWLRQ DQG PDQDJHPHQW GLVWULEXWLRQ FKDQ
QHO EHWZHHQ PRGHOOHG XUEDQ PHWDEROLF OD\HUV LQ JHQHUDO DQG G\QDPLF GDWD VHQW
IURP GLIIHUHQW PRGHOOLQJ LQWHUIDFHV HJ 5KLQR*UDVVKRSSHU UHSUHVHQWHG E\ WKH
GHVLJQHU¶V SUHGHILQHG XUEDQ SDWWHUQV ODWHU GLVWULEXWHG LQWR D G\QDPLF JHQHUDWLYH
PRGHO ILJXUH 
 /8&,  /,*+7:(,*+7 85%$1 &20387$7,21 ,17(5&+$1*(
0RUH VSHFLILFDOO\ WKLV SDSHU LQYHVWLJDWHV DQ XUEDQ JURZWK EDVHG RQ DQ DFFHVVLELOLW\
DQG VSDFLQJ GLVWDQFHV EHWZHHQ SDUWLFXODU XUEDQ HOHPHQWV $Q LPSRUWHG GDWD VHW LV
VXEVHTXHQWO\ UHDG E\ WKH DJHQWEDVHG JHQHUDWLYH VLPXODWLRQ PRGHO DQG GLVSOD\HG
DV D VLPSOLILHG ' HQYLURQPHQW 7KLV SDUWLFXODU OD\HU LQ WKLV FDVH WKH H[WHUQDO
JHRPHWULFDO GDWD VHW IURP WKH 5KLQR &$' DSSOLFDWLRQ LV WUDQVIHUUHG LQWR D FRPSX
WDWLRQDO VHUYLFH ZLWKLQ WKH /8&, LQWHUFKDQJH V\VWHP DQG LQYROYLQJ WKH GHVLJQHU¶V
SDUDPHWULF JHRPHWULFDO PRGLILFDWLRQV LQ *UDVVKRSSHU HDFK WLPH LW LV PRGLILHG RU
FKDQJHG $V VXFK WKH PRGLILFDWLRQV DUH UHDG DQG VHQW E\ WKH /8&, DQG WKH VLPX
ODWLRQ LV IHG LQ D UHDOWLPH SURFHVV
85%$1 $87232,(6,6 
)LJXUH  $ GHVLJQHU¶V PRGHOOLQJ IUDPHZRUN FRQWDLQLQJ D OLEUDU\ RI YDULRXV SUHGHILQHG VKDSHV
WUDQVIHUUHG LQWR DQ $%0 VLPXODWLRQ IRU D VXEVHTXHQW LQWHUDFWLRQ ZLWK DJHQWV 7KH GDWD DUH
H[FKDQJHG E\ WKH /8&, PLGGOHZDUH 
5KLQR*UDVVKRSSHU LV ZHOO NQRZQ IRU VHUYLQJ DV D LQWHJUDWLRQ SODWIRUP IRU YDU
LRXV DSSOLFDWLRQV ZLWKLQ WKH UHDOP RI GLJLWDO DUFKLWHFWXUDO SURGXFWLRQ ,W LV SRVVLEOH
WR FRQQHFW 5KLQR*UDVVKRSSHU WKURXJK J+RZO WR D QXPEHU RI FRPSDWLEOH DSSOLFD
WLRQV WKURXJK 7&3 DQG 8'3 QHWZRUNLQJ SURWRFROV )UDJXDGD  <HW 5KLQR
XVHUV HYHU DJDLQ KLW OLPLWV *UDVVKRSSHU LV NQRZQ IRU EHLQJ UDWKHU VORZ QRW DEOH
WR KDQGOH HQRXJK JHRPHWU\ WR EH VXLWDEOH IRU ODUJH XUEDQ SODQQLQJ DQG LW LV VLQJOH
XVHU FHQWULF 7KHUH DUH VRPH VWDUWXSV VXFK DV )OX[ RU 6KDSH 'LYHU  WKDW
DLP WR SURYLGH VROXWLRQV WR RYHUFRPH WKLV E\ EULGJLQJ 5KLQR*+ WR WKH ,QWHUQHW WR
([FHO WR $XWRGHVN 5HYLW 6WLOO WKHVH VROXWLRQV IRFXV RQ 5KLQR DQG KHDYLO\ GHSHQG
RQ :LQGRZV DV WKHLU PDLQ SODWIRUP :LWK /8&, ZH IROORZ D VOLJKWO\ GLIIHUHQW DS
SURDFK 7KH DLP LV WR SURYLGH D QHXWUDO RSHQ VRXUFH SODWIRUP DQG SURJUDPPLQJ
ODQJXDJH LQGHSHQGHQW IUDPHZRUN ,W KDV D PRGXODU VWUXFWXUH WKDW DOORZV LQWHUHVWHG
GHYHORSHUV WR UHSODFH PRGXOHV LQ FDVH WKH\ IDYRXU WR
$V D UHVXOW LW ZLOO EULQJ D FRPSUHKHQVLYH VLPXODWLRQ DQG JHQHUDWLYH PRGHO
GHSHQGLQJ RQ D UHDOWLPH XVHU¶V PRGLILFDWLRQ RU RWKHU H[WHUQDO GDWD VRXUFH WKDW FDQ
EH HPEHGGHG VXFK DV D YHFWRU SRVLWLRQ IRU YDULRXV XUEDQ IHDWXUHV DQ\ TXDQWLILHG
GHILQLWLRQ RI PDQ\ YDULDEOHV RU SUHGHILQHG VKDSHV RI XUEDQ SDWWHUQV IRU HDFK RI WKH
XVHG XUEDQ W\SRORJ\ LQ WKLV FDVH KRXVLQJ SXEOLF EXLOGLQJV RU RSHQ SXEOLF VSDFHV
 $%0 6,08/$7,21 02'(/
7KH FRUH RI WKH JHQHUDWLYH VLPXODWLRQ PRGHO LQWURGXFHG KHUH LV EDVHG RQ WKH (P&
LW\ SODWIRUP LH (PHUJHQW &LW\ DQ DJHQWEDVHG VLPXODWLRQ GHYHORSHG LQ SUHYLRXV
SKDVH RI WKH UHVHDUFK %Xã  7KH DJHQWV WU\ WR DFKLHYH WKHLU GHPDQGHG WDUJHW
SULYDWH RU SXEOLF EXLOGLQJ RU D VSDFH LQ D VSHFLILF SUHGHILQHG DFFHVVLEOH GLVWDQFH
,I LW LV QRW DFKLHYHG WKH UHTXLUHG XUEDQ XQLW RU DQ DFWLYLW\ DSSHDUV DGDSWHG WR FXU
UHQW GLVWDQFH UHTXLUHPHQWV
7KH PRGHO KDV EHHQ DGDSWHG WR 7DQMRQJ 3DJDU VLWH IRU WKLV SDUWLFXODU FDVH VWXG\
SXUSRVH DQG HQKDQFHG ZLWK LQWHUDFWLYLW\ IHDWXUHV ZKHUH WKH XVHU LV DOORZHG WR PRG
 3 %8â / 75(<(5 $1' * 6&+0,77
LI\ WKH LQLWLDO SRVLWLRQV RI DJHQWV LQ UHJDUG KLV RU KHU SUHIHUHQFHV LQ WKH JUDSKLFDO
XVHU LQWHUIDFH $V VXFK WKH REVHUYHU FRQWUROV WKH SRVLWLRQV ZKHUH DJHQWV DUH UH
OHDVHG IURP LQ DQ LQWHUDFWLYH ZD\ DQG LQ D UHDOWLPH SURFHVV 0RUHRYHU HDFK
LQLWLDO SRVLWLRQ KDV EHHQ ZHLJKWHG ZLWK DQ XVHUGHILQHG QXPEHU RI UHOHDVHG DJHQWV
,Q WKDW PDQQHU WKH XVHU VSHFLILHV WKH OHYHO RI LPSRUWDQFH IRU HDFK SDUWLFXODU LQLWLDO
SRVLWLRQ ZKLFK UHIOHFWV WKH UHDO VFHQDULR PRUH SURSHUO\ 7KH VRXUFH FRGH RI WKH
(P&LW\ PRGHO LV DYDLODEOH DV DQ RSHQ VRXUFH SODWIRUP XQGHU WKH *18 *HQHUDO
SXEOLF OLFHQFH %Xã 	 .XULOOD  7UH\HU D 7KH &$' GDWD VRXUFH UHJDUG
LQJ WKH 7DQMRQJ 3DJDU VLWH DV DQ LQLWLDO JHRPHWULFDO LQSXW KDV EHHQ WUDQVIHUUHG LQWR
WKH PRGHO IURP WKH 2SHQ 6WUHHW 0DS SODWIRUP
 02'(//,1* 352&('85( ,1 $ &$6( 678'<
,Q WKLV VHFWLRQ ZH DLP DW GHPRQVWUDWLQJ /8&,¶V SRWHQWLDO E\ VKRZLQJ KRZ LW FDQ EH
XVHG WR LQWHUOLQN GLIIHUHQW DSSOLFDWLRQV RQ GLIIHUHQW PDFKLQHV ZLWK GLIIHUHQW RSHU
DWLQJ V\VWHPV :LWK WKLV VHWXS ZH ZDQW WR SURYLGH PXOWLSOH FRPSDUDWLYH YLHZV RI
WKH FDVH VWXG\ DUHD 7KH SULQFLSOH VWHS LV WKH FUHDWLRQ RI XUEDQ JHRPHWU\ EDVHG RQ
DQ DJHQW VLPXODWLRQ ZKLFK LQFUHPHQWDOO\ DGGV EXLOGLQJV WR D VFHQH FRUUHVSRQGLQJ
WR WKH EHKDYLRXU RI LWV DJHQWV WKDW UHSUHVHQW LQKDELWDQWV LQ D VLPSOLILHG ZD\ :LWK
HYHU\ LWHUDWLRQ WKH DWWDFKHG YLHZV ZLOO EH XSGDWHG $OO YLHZV QRW RQO\ V\QFKURQLVH
WKHLU JHRPHWU\ EXW DOVR WKH FDPHUD DQJOH DW ZKLFK WKH JHRPHWU\ LV SUHVHQWHG
7KH JHRPHWU\ FUHDWLRQ LV LPSOHPHQWHG LQ D -DYDEDVHG 3URFHVVLQJ $SSOLFDWLRQ
7KH W\SRORJLHV WKDW DUH EHLQJ SODFHG LQ WKH VFHQDULR FDQ EH PRGLILHG UHDOWLPH
LQ 5KLQR 7KH FRPSDUDWLYH YLHZV DUH SURYLGHG E\ D -DYD DSSOLFDWLRQ WKDW XVHV
2SHQ*/ IRU GLVSOD\ $GGLWLRQDO YLHZV DUH SURYLGHG E\ %OHQGHU IRU UD\WUDFH UHQ
GHULQJ DV ZHOO DV E\ D ZHE YLHZHU WKDW WKHRUHWLFDOO\ DOORZV WR SUHVHQW YLHZV WR DQ\
FRQQHFWHG SDUWLFLSDQW LQ WKH LQWHUQHW
 *HQHUDWLRQ RI 8UEDQ 3DWWHUQV LQ 7DQMRQJ 3DJDU :DWHUIURQW
7KH PRGHOOLQJ DQG VLPXODWLRQ IUDPHZRUN KDV EHHQ VHW E\ FRQQHFWLQJ 5KLQRFHURV
*UDVVKRSSHU GHVLJQHU¶V LQWHUIDFH DQG WKH -DYDEDVHG DJHQW VLPXODWLRQ PRGHO (P
&LW\ E\ PHDQV RI WKH /8&, PLGGOHZDUH SODWIRUP
 5(68/76 $1' 2%6(59$7,21
7KH XVHU LV DOORZHG WR REVHUYH JURZWK RI WKH XUEDQ DUHD EDVHG RQ WKH GHVLJQHU¶V SUH
GHILQHG VSDWLDO VFHQDULRV RI YDULRXV W\SHV RI VKDSHV DQG FRQILJXUDWLRQV ILJXUH 
'DWD DUH VHQW WR WKH /8&, LQ UHDOWLPH DQG GLVSOD\HG LQ WKH YLHZHU 7KH JHRPHWU\
FDQ EH PRGLILHG E\ WKH GHVLJQHU DQG LW LV XSGDWHG LQ WKH GLVSOD\ ZLQGRZ %\ XVLQJ
WKLV PHWKRGRORJ\ WKH ERWWRPXS JURZWK RI WKH FLW\ LV VLPXODWHG DFFRUGLQJ WR FUL
WHULD RI DFFHVVLELOLW\ VSDFLQJ GLVWDQFHV GHQVLW\ VSUHDG RI XUEDQ W\SRORJLHV DQG
SRVLWLRQV RI DJHQWV DQG GLIIHUHQW VSDWLDO VFHQDULRV DUH EXLOW YLVXDOLVHG DQG VWRUHG
7KH /8&, VWRUHV DQG SURFHHGV WKH GDWD IRU IXUWKHU REVHUYDWLRQ RU UHQGHULQJ XVLQJ
RWKHU DSSOLFDWLRQV VXFK DV %OHQGHU LQ D UHDOWLPH SURFHVV
85%$1 $87232,(6,6 
)LJXUH  &RPELQDWLRQ RI XVHUGHILQHG W\SRORJLHV LQ RQH XUEDQ OD\RXW 'LIIHUHQW W\SHV KDYH
EHHQ VHQW IURP 5KLQR WR WKH $%0 PRGHO GXULQJ WKH VLPXODWLRQ SURFHVV
7KXV WKH IUDPHZRUN DOORZV WR FRQQHFW PRGHOOLQJ VRIWZDUH UHQGHULQJ DSSOLFD
WLRQ -DYDEDVHG DJHQW VLPXODWLRQ DQG VHYHUDO GLVSOD\ ZLQGRZV ZLWK WKH VDPH RU
GLIIHUHQW FDPHUD SRVLWLRQV LI QHFHVVDU\ ,Q WKDW PDQQHU DUFKLWHFWV DUH DEOH WR JDLQ
DQG GHDO ZLWK ELJ XUEDQ VFHQDULRV HIILFLHQWO\ DQG IURP GLIIHUHQW SHUVSHFWLYHV LQFRU
SRUDWLQJ PRUH FRPSOH[ DQG EHKDYLRXUDO XUEDQ SKHQRPHQD LQWR D GHVLJQ SURFHVV
GLVSOD\LQJ YDULRXV DVSHFWV RI WKH XUEDQ VFHQDULR DW WKH VDPH WLPH
7KH XUEDQ SDWWHUQV DV LW LV REVHUYHG IURP WKH DJHQWEDVHG VLPXODWLRQ JURZ
DQG DGDSW DFFRUGLQJ WKH XVHU¶V SUHIHUHQFHV LQ WHUPV RI VSHFLILFDWLRQ RI DJHQW¶V
LQWHUDFWLRQV WKHLU LQLWLDO SRVLWLRQV DQG ORFDWLRQV ZLWK ZHLJKWV FRPELQLQJ ZLWK WKH
IRUPDWLRQ SURFHVV EDVHG RQ WKH GHVLJQHU¶V GHILQLWLRQ RI WKH VSDWLDO VFHQDULR $ FRP
ELQDWLRQ RI ERWWRPXS DXWRSRLHWLF JURZWK WRJHWKHU ZLWK WKH XVHU LQSXWV ZLOO DOORZ
WR PRGHO PRUH FRPSOH[ XUEDQ IHDWXUHV FRQVLGHULQJ WKH LQWXLWLRQ RI WKH GHVLJQHU
7KLV FRJQLWLYH DSSURDFK RI GHVLJQ FRPSXWLQJ LQYROYLQJ KXPDQ¶V LQWHUDFWLRQ ZLWK
WKH PDFKLQH FDQ \LHOG PRUH DSSURSULDWH GHVLJQ VFHQDULRV UHODWHG WR UHDO GHPDQGV
DQG ERWWRPXS UHTXLUHPHQWV EXW VWLOO WDNLQJ LQWR DFFRXQW WKH GHVLJQHU¶V LQSXWV DQG
FRQWULEXWLRQ
7KH YROXPHV RI XUEDQ PDVV DUH JHQHUDWHG LQ WKH $%0PRGHO 7KH\ DUH ORFDWHG
DFFRUGLQJ WR UDQGRP SRVLWLRQV IROORZLQJ WKH ORFDWLRQV RI DJHQWV WKHPVHOYHV WKHLU
VSDFLQJ GLVWDQFHV DQG WKH DFFHVVLEOH GLVWDQFHV WR SDUWLFXODU EXLOGLQJV 7KH JURZWK
RI WKH QHZ DGGHG YROXPHV SURFHHGV EDVHG RQ GHPDQGLQJ DFFHVVLEOH GLVWDQFH VHW
E\ WKH GHVLJQHU LQ WKH JUDSKLFDO XVHU LQWHUIDFH 7KH KHLJKWV RI WKH EXLOGLQJV FDQ
 3 %8â / 75(<(5 $1' * 6&+0,77
YDU\ LQ DFFRUGDQFH ZLWK WKH XVHU¶V SDUDPHWHU LQSXWV LQ 5KLQR (DFK LQSXW \LHOGV
GLIIHUHQW UHVXOWV $OWKRXJK WKH FKDUDFWHU RI WKH OD\RXW LV FRPSDUDEOH DQG VLPLODU
IRU HDFK LQYHVWLJDWHG VFHQDULR ILJXUH  WKH RXWFRPHV DUH DOZD\V GLIIHUHQW ILJXUH

)LJXUH  9DULRXV W\SHV RI SUHGHILQHG XUEDQ FRQILJXUDWLRQV IURP 5KLQR DSSHDUHG LQ WKH $%0
PRGHO 7KH XVHU LV DOORZHG WR H[SORUH HDFK XUEDQ DFWLYLW\ VHSDUDWHO\
)LJXUH  *HQHUDWLRQ RI QHZ EXLOGLQJV EDVHG RQ DJHQWV¶ IORZV DQG XVHUGHILQHG DFFHVVLELOLW\
GLVWDQFHV
 &RQFOXVLRQV
7KH SURSRVHGPRGHOOLQJ IUDPHZRUN DOORZV WKH XVHU WR FRQQHFW YDULRXV DSSOLFDWLRQV
&$' $%0 PRGHO YLVXDOLVDWLRQ ZLQGRZ E\ HPSOR\LQJ WKH PLGGOHZDUH V\VWHP
/8&, ZKLFK VHUYHV DV D FRPPXQLFDWLRQ DQG GDWD H[FKDQJH SODWIRUP
 ',6&866,21
)RU WKH WLPH EHLQJ WKH SURSRVHG V\VWHP KDV LQWHJUDWHG DQ XUEDQ SDWWHUQ IRUPDWLRQ
DOJRULWKPV GHDOLQJ ZLWK XUEDQ PDVV DQG YROXPHV RQO\ $OWKRXJK WKH DJHQWV WKHP
VHOYHV DUH DEOH WR JHQHUDWH WKH EXLOGLQJV DQG SDWWHUQV WKH PRGHO LV VWLOO OLPLWHG LQ
SURYLGLQJ PRUH SUHFLVH VWUHHW QHWZRUN OD\RXW 7KH YLVXDOLVDWLRQ RI WKH PRGHO LWVHOI
LV VLPSOLILHG DQG H[SUHVVHG LQ D KLJKHU OHYHO RI DEVWUDFWLRQ EXW XQGHUVWDQGDEOH IRU
H[SHUWV 0RUHRYHU WKH PRGHO GHDOV ZLWK WKH XUEDQ JURZWK EDVHG RQ VSDWLDO UHTXLUH
PHQWV DQG LW GRHV QRW WDNH LQWR DFFRXQW EURDGHU DVSHFWV RI XUEDQ PHWDEROLVP 1HY
HUWKHOHVV WKH V\VWHP FDQ EH HQULFKHG ZLWK PRUH GLYHUVH PRGHOOLQJ DSSURDFKHV DV
85%$1 $87232,(6,6 
WKH /8&, PLGGOHZDUH DOORZV LW 7KH SRVLWLRQLQJ RI WKH DJHQWV DQG WKH XUEDQ PDVV
QHHG WR EH LPSURYHG LQ RUGHU WR REWDLQ PRUH UDWLRQDO XUEDQ SDWWHUQV WDNLQJ LQWR
DFFRXQW PRUH UHDOLVWLF LQIUDVWUXFWXUH DQG XUEDQ FULWHULD RI FRQQHFWLYLW\ YLVLELOLW\
DQG FHQWUDOLW\
 )8785( :25.
%\ PHDQV RI WKH SURSRVHG PRGHOOLQJ DSSURDFK LQWURGXFHG KHUH WKH SODQQHUV DU
FKLWHFWV DQG VWDNHKROGHUV ZLOO SURVSHFWLYHO\ LGHQWLI\ WKH PRVW VLJQLILFDQW SURFHVVHV
ZLWKLQ D FLW\ ZKLFK LQIOXHQFH WKH XUEDQ FKDQJHV DQG PLJKW FRQWULEXWH WR WKH SKH
QRPHQRQ RI VHOIPDLQWHQDQFH DGDSWDELOLW\ DQG VHOIVXIILFLHQF\ ZKLFK FDQ EH FKDU
DFWHULVHG DV SURFHVVHV RI WKH XUEDQ DXWRSRLHVLV %DVHG RQ WKHVH REVHUYDWLRQV DQG
H[WHUQDO VRXUFHV RI LQIRUPDWLRQ WKH VSDWLDO XUEDQ VROXWLRQV FDQ EH GHVLJQHG DQG
DVVHVVHG VKRZLQJ PRUH FRPSOH[ UHODWLRQDO TXDOLWLHV RI WKH XUEDQ VSDFH 0XOWL
GLVFLSOLQDU\ DSSURDFK RI FRPSOH[LW\ VFLHQFH IUDPHZRUN FRQVLVWLQJ RI FRPSXWHU
VFLHQFH XUEDQ GHVLJQ &LWL]HQ 'HVLJQ VFLHQFH DQG JDPH GHYHORSPHQW LQWHJUDWHG
LQWR DQ DGYDQFHG XUEDQ VLPXODWLRQ DQG YLVXDOLVDWLRQ ZLOO KHOS H[SHUWV WR ILQG PRUH
DSSURSULDWH PRGHO RI D OLYHDEOH DQG DGDSWLYH FLW\
7KH UHVHDUFK ZLOO FRQWLQXH LQ WHVWLQJ DQG GHYHORSLQJ WKH PRGHOOLQJ DQG VLPX
ODWLRQ IUDPHZRUN OLQNHG ZLWK D YLVXDOLVDWLRQ V\VWHP LQ D JDPH HQJLQH &ULVWLH 	
%HUJHU  LQWHJUDWLQJ DVSHFWV RI XUEDQ VHOIPDLQWHQDQFH DQG VHOIFUHDWLRQ RI
XUEDQ SDWWHUQV EDVHG RQ ORFDO FRQGLWLRQV FRPPXQLWLHV¶ LQWHUDFWLRQV UHOD\ RI H[
WHUQDO LQIRUPDWLRQ HJ IURP VRFLDO QHWZRUNV DQG DFWXDO SHRSOH¶V EHKDYLRXU DQG
WHQGHQFLHV LQ RQH XUEDQ GHVLJQPRGHOOLQJ SODWIRUP KDUQHVVLQJ PRUH FRPSOH[ XU
EDQ SKHQRPHQD:HZRXOG DOVR OLNH WR XVH JDPH HQJLQHV DV YLHZV SRWHQWLDOO\ XVLQJ
%OHQGHUEDVHG VHUYLFHV WR EDNH WH[WXUHV LQ UHDOWLPH
7KH V\VWHP LV RSHQ WR EH HQKDQFHG E\PRUH DGYDQFHG DOJRULWKPV VXFK DVPXOWL
REMHFWLYH FULWHULD ZLWKLQ XUEDQ V\QWKHVLV PHWKRGV DV DQ LQSXW IRU WKH XUEDQ OD\RXW
JHQHUDWLRQ .|QLJ  7KH SURSRVHG DSSURDFK FRXOG FRQWULEXWH WR WKH ILHOG
RI &RJQLWLYH 'HVLJQ &RPSXWLQJ LQWHJUDWLQJ PRUH FRPSOH[ XUEDQ WDVNV DQG HP
EHGGLQJ DUWLILFLDO LQWHOOLJHQFH DQG UHFRJQLWLRQEDVHG OHDUQLQJ SURFHVVHV LQWR WKH
JHQHUDWLYH PRGHOOLQJ ZRUNIORZ
$FNQRZOHGJHPHQWV
:H ZRXOG OLNH WR JUDWHIXOO\ WKDQN WR DUFKLWHFW /XNiã .XULOOD IURP WKH 02/$%
GHSDUWPHQW DW WKH )DFXOW\ RI $UFKLWHFWXUH &78 LQ 3UDJXH IRU KLV *UDVVKRSSHU GHI
LQLWLRQ NLQGO\ SURYLGHG DQG GHYHORSHG LQ WKH SUHYLRXV SKDVH RI WKH UHVHDUFK DQG
ZKLFK ZH XVHG LQ WKLV SDUWLFXODU FDVH VWXG\
5HIHUHQFHV
³(VUL &LW\ (QJLQH´   $YDLODEOH IURP KWWSZZZHVULFRPVRIWZDUHFLW\HQJLQH! DF
FHVVHG WK 'HFHPEHU 
³6KDSH 'LYHU´   $YDLODEOH IURP KWWSVZZZVKDSHGLYHUFRP! DFFHVVHG VW 'HFHP
EHU 
³7KH )OX[´   $YDLODEOH IURP KWWSVIOX[LRDERXW! DFFHVVHG VW 'HFHPEHU 
%DFFLQL 3  8QGHUVWDQGLQJ DQG 'HVLJQLQJ WKH 0HWDEROLVP RI 8UEDQ 6\VWHPV LQ' ,EDxH]
DQG 1 .DWVLNLV HGV 1HZ *HRJUDSKLHV  *URXQGLQJ 0HWDEROLVP +DUYDUG 8QLYHUVLW\
 3 %8â / 75(<(5 $1' * 6&+0,77
3UHVV
%DWW\ 0  7KH1HZ 6FLHQFH RI &LWLHV 7KH0,7 3UHVV &DPEULGJH 0DVVDFKXVHWWV /RQGRQ
(QJODQG
%R\HU 0&  2Q 0RGHOOLQJ &RPSOH[LW\ DQG 8UEDQ )RUP $' $UFKLWHFWXUDO 'HVLJQ
 
%Xã 3  (PHUJHQFH LQ 8UEDQ (QYLURQPHQWV $JHQWEDVHG VLPXODWLRQ RI HQYLURQPHQW UH
FRQILJXUDWLRQ 3K' 7KHVLV )DFXOW\ RI $UFKLWHFWXUH 02/$% 7KH &DELQHW RI $UFKLWHFWXUDO
0RGHOOLQJ &]HFK 7HFKQLFDO 8QLYHUVLW\ LQ 3UDJXH
%Xã 3 DQG .XULOOD /  ³(P&LW\ (PHUJHQW &LW\ VLPXODWLRQ PRGHO´  $YDLODEOH IURP
*LWKXE UHSRVLWRU\KWWSVJLWKXEFRPSHWHUEXV(P&LW\! DFFHVVHG WK 'HFHPEHU 
&ULVWLH 9 DQG %HUJHU 0  *DPH (QJLQHV IRU 8UEDQ ([SORUDWLRQ %ULGJLQJ 6FLHQFH 1DU
UDWLYH IRU %URDGHU 3DUWLFLSDQWV LQ $ 1LMKROW HG 3OD\DEOH &LWLHV 7KH &LW\ DV D 'LJLWDO
3OD\JURXQG 6SULQJHU 6LQJDSRUH 6LQJDSRUH 
)UDJXDGD /  ³J+RZO FRPSRQHQWV´  $YDLODEOH IURP )RRG5KLQR UHSRVLWRU\KWWSZZ
ZJUDVVKRSSHUGFRPJURXSJKRZO! DFFHVVHG WK $XJXVW 
-XQJKDQQV $  ³)XQFWLRQDO 0RFNXS ,QWHUIDFH´  $YDLODEOH IURP KWWSVZZZIPLVWDQ
GDUGRUJ! DFFHVVHG VW 2FWREHU 
.OHLQ % DQG 7UH\HU /  /LJKWZHLJKW 8UEDQ &RPSXWDWLRQ ,QWHUFKDQJH LQ 0 %HUJHU %
.OHLQ DQG * 6FKPLWW HGV )&/ 0DJD]LQH 6SHFLDO ,VVXH 6LPXODWLRQ 3ODWIRUP +LJKOLJKWV
 (7+ 6LQJDSRUH 6(& /WG  )&/ 6LQJDSRUH 
.|QLJ 5  8UEDQ 'HVLJQ 6\QWKHVLV IRU %XLOGLQJ /D\RXWV EDVHG RQ (YROXWLRQDU\ 0DQ\
&ULWHULD 2SWLPL]DWLRQ ,QWHUQDWLRQDO -RXUQDO RI $UFKLWHFWXUDO &RPSXWLQJ  
/XKPDQQ 1  6\VWHPWKHRULH (YROXWLRQVWKHRULH XQG .RPPXQLNDWLRQVWKHRULH 6RFLROR
JLVFKH *LGV  
/XKPDQQ 1  7KH ZRUOG VRFLHW\ DV D VRFLDO V\VWHP ,QWHUQDWLRQDO -RXUQDO RI *HQHUDO
6\VWHPV  ±
0DWXUDPD +5 DQG 9DUHOD )-  $XWRSRLHVLV DQG &RJQLWLRQ 7KH 5HDOL]DWLRQ RI WKH /LY
LQJ LQ 56 &RKHQ DQG 0: :DUWRIVN\ HGV %RVWRQ 6WXGLHV LQ WKH 3KLORVRSK\ RI 6FLHQFH
YRO ' 5LHGHO 3XEOLVKLQJ &RPSDQ\ 'RUGUHFKW +ROODQG %RVWRQ 86$ /RQGRQ (QJ
ODQG
6S\URSRXORV 7  HG $GDSWLYH (FRORJLHV &RUUHODWHG 6\VWHPV RI /LYLQJ $UFKLWHFWXUDO
$VVRFLDWLRQ /RQGRQ
7UH\HU / D ³(P&LW\ ZLWK /8&, LQWHJUDWLRQ´  $YDLODEOH IURP *LWKXE UHSRVLWRU\KWWSV
JLWKXEFRPWUH\HUOHPFLW\! DFFHVVHG WK )HEUXDU\ 
7UH\HU / E ³/8&, /LJKWZHLJKW 8UEDQ &RPSXWDWLRQ ,QWHUFKDQJH´  $YDLODEOH IURP
%LWEXFNHW UHSRVLWRU\KWWSVELWEXFNHWRUJWUH\HUOOXFL! DFFHVVHG WK 'HFHPEHU 
9DUHOD )-  3ULQFLSOHV RI %LRORJLFDO $XWRQRP\ (OVHYLHU 1RUWK +ROODQG ,QF 1HZ <RUN
9HUHEHV 7  HG 0DVWHUSODQQLQJ WKH $GDSWLYH &LW\ &RPSXWDWLRQDO 8UEDQLVP LQ WKH
7ZHQW\)LUVW &HQWXU\ 5RXWOHGJH 7D\ORU 	 )UDQFLV 1HZ <RUN
